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Abstract. The research was carried out in the S³owiñski National Park, in an area with 15 research stations in pine
coniferous forests situtated at locations (1) inaccessible to tourists, (2) most frequently visted by tourists, as well as (3)
in the vicintiy of parking lots. The analysed samples comprised surface generic levels (Ol, Ofh, A), above-ground
material (shoots; leaves and stalks) and below-ground mateial (roots) of bilberry (Vaccinium myrtillus). The performed
analyses showed statistically significant Spearman's correlation coefficients for Zn content in the 'soil – stalk’ (r= -0,44,
p<0,05, n=45) relationship and the ‘soil – root’ relationship (r= -0,52, p<0,05, n=45). Accordingly, there were
significant statistical differences (U Mann-Whitney test) in zinc content in the ‘stalk – roots’ relationship and the
‘leaves – roots’ relationship. Furthermore, the obtained results reveal an excessive accumulation of Mn in V. myrtillus.
The content of the investigated heavy metals in V. myrtillus shoots decreased in the following order: Mn>Fe>Zn>Cu.
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1. Wstêp

Metale ciê¿kie s¹ naturalnym sk³adnikiem œrodo-
wiska przyrodniczego. Naturalna ich zawartoœæ w lito-
sferze, stanowi¹ca tzw. t³o geochemiczne, jest zró¿ni-
cowana przestrzennie. W ostatnich latach istotnym
Ÿród³em metali ciê¿kich jest ich emisja ze Ÿróde³ antro-
pogenicznych. Metale ciê¿kie, jako sk³adniki py³ów
(PM10 i PM2.5) oraz aerozoli, mog¹ byæ przemiesz-
czane w atmosferze na znaczne odleg³oœci, prowadz¹c
do ska¿eñ ekosystemów po³o¿onych w znacznych od-
leg³oœciach od Ÿróde³ emisji (Klink et al. 2006; Tainio et
al. 2010; Bro¿ek, Zarembski 2011).

Jako naturalne sk³adniki ekosystemów, cynk, ¿elazo,
mangan i miedŸ, s¹ potrzebne w niewielkich iloœciach do
prawid³owego funkcjonowania roœlin, jednak¿e nad-
mierna ich koncentracja w œrodowisku jest szkodliwa.
Przy odpowiednio wysokim stê¿eniu zaburzaj¹ funkcjo-

nowanie ekosystemów, stwarzaj¹c zagro¿enie dla roœlin,
zwierz¹t i cz³owieka (Gruca-Królikowska, Wac³awek
2006; Malzahn 2009). Metale ciê¿kie podlegaj¹ bioaku-
mulacji w tkankach roœlinnych i zwierzêcych, w wyniku
czego zagro¿enie zatruciem tymi metalami wzrasta w
kolejnych ogniwach ³añcucha troficznego. Pobieranie
sk³adników mineralnych z gleby przez organizmy roœ-
linne jest uwarunkowane fizjologicznym zapotrzebowa-
niem na niektóre z nich (Fe, Mn, Zn, Cu), jak równie¿
mo¿e byæ wynikiem intoksykacji w zwi¹zku z zanie-
czyszczeniem œrodowiska.

Zawartoœæ metali w tkankach roœlinnych zale¿y od
zawartoœci i ich biodostêpnoœci w glebie, jak równie¿ od
gatunku roœliny, okresu wegetacji oraz czêœci morfo-
logicznej. Badania dowodz¹, ¿e roœliny selektywnie po-
bieraj¹ pierwiastki z otaczaj¹cego œrodowiska. Pierwias-
tki te wykorzystywane s¹ do budowy ich w³asnych tka-
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nek oraz bior¹ udzia³ w wielu przemianach metabo-
licznych.

W œwiecie roœlinnym istnieje wyraŸna tendencja do
pobierania i kumulowania okreœlonych pierwiastków
(£aszewska et al. 2007). Roœliny w ró¿ny sposób reaguj¹
na podwy¿szone stê¿enie metali ciê¿kich w œrodowisku.
Specyficzna wra¿liwoœæ niektórych gatunków roœlin
l¹dowych na obecnoœæ metali ciê¿kich w glebie umo¿-
liwia okreœlenie stopnia, zasiêgu i struktury zmian
degradacyjnych œrodowiska.

Spoœród bioindykatorów roœlinnych praktyczne za-
stosowanie do uzyskiwania informacji o stopniu zanie-
czyszczenia œrodowiska posiadaj¹ miêdzy innymi krze-
winki borówki czarnej Vaccinium myrtillus L. (Reimann
et al. 2001; Uhlig, Junttila 2001; Salemaa et al. 2004;
Bia³oñska et al. 2007; Kukla, Kuklová 2008; Mróz,
Demczuk 2010; Kandziora-Ciupa et al. 2013; Remon et
al. 2013). Borówka czarna wystêpuje zarówno na tere-
nach zanieczyszczonych, jak i wolnych od zanieczysz-
czeñ. Jest gatunkiem dominuj¹cym w wiêkszoœci borów
sosnowych i mieszanych klimatu umiarkowanego
(Bia³oñska et al. 2007). W Vaccinio myrtilli-Pinetum
osi¹ga optimum ekologiczne, czyli najwiêksz¹ frek-
wencjê, zagêszczenie, biomasê i produkcjê (Moszyñska
1983; Gugnacka-Fiedor 1994; Gerdol 2004; Zvereva,
Kozlov 2005; Parzych, Sobisz 2010). Prawie we
wszystkich zbiorowiskach leœnych Vaccinium myrtillus
zwraca ka¿dego roku do œció³ki wraz z opad³ymi liœæmi
du¿e iloœci potasu, wapnia, magnezu oraz manganu i
¿elaza, co wzbogaca siedlisko w pierwiastki wa¿ne dla
prawid³owego funkcjonowania ekosystemów leœnych.

Do badañ bioindykacyjnych wykorzystywane s¹ za-
równo liœcie, ³odygi, jak i korzenie Vaccinium myrttillus
(Kozanecka et al. 2002; Mróz, Demczuk 2010), a tak¿e

owoce (Demczuk, Garbiec 2009; Paj¹k, Jasik 2012).
Byliñska (1992), Reimann i in. (2001) oraz Boyd (2007)
zaliczaj¹ borówkê czarn¹ do roœlin o wybitnych zdol-
noœciach akumulacyjnych w stosunku do manganu.

Celem pracy by³o przedstawienie zawartoœci Zn, Fe,
Mn i Cu w liœciach, ³odygach oraz korzeniach borówki
czarnej Vaccinium myrtillus L. wystêpuj¹cych na terenie
objêtym ochron¹, porównanie ich w³aœciwoœci akumu-
lacyjnych, dokonanie oceny wp³ywu metali ciê¿kich
zawartych w glebie na koncentracjê metali ciê¿kich w
pêdach borówki oraz oceny stopnia zanieczyszczenia
S³owiñskiego Parku Narodowego.

2. Materia³ i metody badañ

2.1. Obszar badañ

Badaniami objêto powierzchnie leœne S³owiñskiego
Parku Narodowego (SPN) wchodz¹ce w sk³ad Mierzei
£ebskiej (obwody ochronne: Rowy, £eba, Smo³dziñski
Las). Obszar badañ le¿y miêdzy 17°03' a 17°33' d³ugoœci
geograficznej wschodniej i miêdzy 54°37' a 54°46' sze-
rokoœci geograficznej pó³nocnej (ryc. 1). Na terenie
parku przewa¿aj¹ siedliska borowe (71,5%), bory mie-
szane (21,4%), lasy mieszane (1,6%) i lasy (5,5%).
W runie wystêpuj¹ g³ównie krzewinki borówek, mchy
i porosty. Próbki pêdów nadziemnych (liœcie, ³odygi)
i podziemnych (korzenie) borówki czarnej oraz pozio-
mów organicznych i próchnicznych pobrano do badañ
we wrzeœniu 2011 r. z 15 stanowisk zlokalizowanych na
terenie parku. Stanowiska badawcze znajdowa³y siê za-
równo w miejscach niedostêpnych dla turystów, naj-
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czêœciej uczêszczanych, jak równie¿ w s¹siedztwie par-
kingów samochodowych.

W próbkach poziomów organicznych i próchnicz-
nych oznaczono kwasowoœæ czynn¹ (pH w H2O), kwa-
sowoœæ wymienn¹ (1 M·dm-3 roztwór KCl) oraz materiê
organiczn¹ – metod¹ strat pra¿enia w piecu muflowym
w temp. 550°C. Po przewiezieniu do laboratorium ma-
teria³ roœlinny oczyszczano z mineralnych czêœci gleby,
p³ukano w wodzie destylowanej, oddzielano pêdy nad-
ziemne od podziemnych, suszono do sta³ej masy w tem-
peraturze 65°C, a nastêpnie homogenizowano w m³yn-
ku. Próbki pêdów Vaccinium myrtillus i próbki gleby
mineralizowano na mokro w systemie zamkniêtym w
mieszaninie HNO3 i 30% H2O2. W otrzymanym roztwo-
rze oznaczono zawartoœæ Zn, Fe, Mn i Cu metod¹
absorpcyjnej spektrometrii atomowej z wykorzystaniem
aparatu Aanalyst 300 firmy Perkin Elmer (Ostrowska et
al. 1991). W badaniach wykorzystano oryginalne roz-
twory wzorcowe (Merck KGaA,1 g / 1000 ml).

2.2. Opracowanie wyników

W celu scharakteryzowania i porównania koncen-
tracji wybranych metali ciê¿kich w pêdach nadziemnych
i podziemnych Vaccinium myrtillus wyliczono wartoœci
œrednie, minimalne, maksymalne, odchylenia stan-
dardowe, wspó³czynniki zmiennoœci (CV) oraz wspó³-
czynniki wzbogacenia (EF). Normalnoœæ rozk³adu
koncentracji Zn, Fe, Mn i Cu w pêdach V. myrtillus
badano za pomoc¹ testu Shapiro-Wilka. W celu porów-
nania koncentracji metali w poszczególnych fragmen-
tach krzewinek zastosowano nieparametryczny test
U Manna-Whitneya. Do obliczeñ wykorzystano pro-
gram Statistica 7.1.

3. Wyniki badañ i dyskusja

Próbki poziomów organicznych i próchnicznych
w obrêbie Mierzei £ebskiej wykazywa³y odczyn silnie
kwaœny (tab. 1). Najwiêksz¹ kwasowoœci¹ czynn¹ i wy-

mienn¹ charakteryzowa³y siê podpoziomy (Ofh), przyj-
muj¹c wartoœci odpowiednio od 3,1 do 4,1 oraz od 2,5
do 3,1. Wspó³czynniki zmiennoœci dla pH (H2O) i
pH (KCl) w obrêbie 15 stanowisk wynosi³y od 5 do 8%.
Nieco mniejsza kwasowoœæ wystêpowa³a w poziomie
próchnicznym (A), przyjmuj¹c wartoœci od 3,9 do 5,0
pH (H2O). Najwiêksz¹ zawartoœæ materii organicznej
stwierdzono w podpoziomie organicznym Ol
(91,6–98,5%), nieco mniejsz¹ w podpoziomach Ofh
(39,0–97,2%), a najmniejsz¹ w poziomie A (0,6–5,9%).
Wraz z g³êbokoœci¹ po³o¿enia poziomu genetycznego
zawartoœæ materii organicznej mala³a, a zwiêksza³o siê
zró¿nicowanie tego parametru od 2 do 59%.

Zawartoœæ badanych metali w wierzchnich pozio-
mach genetycznych gleb SPN by³a zró¿nicowana. Naj-
wiêksze iloœci Zn, Fe i Mn stwierdzono w podpoziomie
Ol, nieco mniejsze w podpoziomach Ofh, a najmniejsze
w poziomie A. W przypadku miedzi najwy¿sze zawar-
toœci wykazywa³y podpoziomy Ofh. Œrednia koncen-
tracja cynku wynosi³a odpowiednio 68,9 mg.kg-1 (Ol),
47,0 mg.kg-1 (Ofh) i 2,9 mg.kg-1 (A), wykazuj¹c zró¿ni-
cowanie w obrêbie 15 stanowisk badawczych na po-
ziomie od 28 do 33% (tab. 2). Zawartoœæ ¿elaza wynosi³a
œrednio 469,0 mg.kg-1 w podpoziomie Ol, 1609,0 mg.kg-1

w podpoziomach Ofh oraz 346,0 mg.kg-1 w poziomie A,
wykazuj¹c zró¿nicowanie od 35 do 134%. Œrednia
zawartoœc manganu to 206,2 mg.kg-1 w podpoziomie Ol,
40,0 mg.kg-1 w podpoziomach Ofh oraz 4,2 mg.kg-1 w
poziomie A, a wspó³czynnik zmiennoœci przyjmowa³
wartoœci od 52 do 58%. Znacznie mniejsze zawartoœci
w badanych glebach wykazywa³a miedŸ, utrzymuj¹c siê
na poziomie 0,8 mg.kg-1 w Ol, 0,9 mg.kg-1 w Ofh oraz
0,09 mg.kg-1 w poziomie A. Koncentracja Cu w bada-
nych poziomach charakteryzowa³a siê najmniejszym
zró¿nicowaniem, co wynika z bardzo ma³ej mobilnoœci
tego pierwiastka (Kabata-Pendias, Pendias 1999).

Koncentracja Zn w pêdach nadziemnych i podziem-
nych Vaccinium myrtillus wykazywa³a znaczne zró¿ni-
cowanie w zale¿noœci od stanowiska, jak równie¿ od
fragmentu pêdu. Zawartoœæ cynku utrzymywa³a siê na
poziomie od 14,9 do 69,4 mg.kg-1 w liœciach, od 38,0 do
108,0 mg.kg-1 w ³odygach oraz od 9,7 do 51,4 mg.kg-1 w
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Tabela 1. pH i materia organiczna w poziomach organicznych i poziomie próchnicznym SPN
Table 1. pH and organic matter in organic and humus horizons in SNP

Miary statystyczne
Statistical measures

pH (H2O) pH (KCl)
Materia organiczna
Organic matter [%]

Ol Ofh A Ol Ofh A Ol Ofh A

Œrednia / Average 4,4±0,2 3,8±0,2 4,4±0,3 3,5±0,2 2,8±0,2 3,3±0,2 96,6±0,02 76,9±0,2 3,1±0,01

Minimum / Minimum 4,1 3,1 3,9 3,0 2,5 2,9 91,6 39,0 0,6

Maksimum / Maximum 4,7 4,1 5,0 3,8 3,1 3,6 98,5 97,2 5,9

Mediana / Median 4,4 3,9 4,4 3,6 2,8 3,4 97,5 73,8 2,6

CV [%] 5 7 7 8 6 8 2 23 59

CV – wspó³czynnik zmiennoœci / coefficient of variation
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Tabela 2. Zawartoœæ metali ciê¿kich w poziomach organicznych i poziomie próchnicznym SPN
Table 2. Heavy metals content (mg.kg-1) in organic and humus horizons in SNP

Miary
statys-
tyczne

Statistical
measures

Zn Fe Mn Cu

Ol Ofh A Ol Ofh A Ol Ofh A Ol Ofh A

Œrednia /
Average

68,9±19,0 47,0±15,4 2,9±1,1 469±505 1609±2161 346±120 206,2±113 40,0±23 4,2±2,1 0,80±0,14 0,90±0,29 0,09±0,03

Minimum
Minimum

37,1 24,2 1,3 118 478 124 48,7 12,2 1,2 0,50 0,60 0,06

Maksimum
Maximum

101,0 82,0 5,7 2071 8517 568 415,0 86,2 8,3 1,10 1,70 0,19

Mediana
Median

65,5 42,7 2,7 279 907 381,1 198,9 37,4 3,7 0,8 0,9 0,08

CV [%] 28 33 38 108 134 35 55 58 52 18 31 35
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Rycina 2. Zawartoœæ metali ciê¿kich w liœciach, ³odygach i korzeniach Vaccinium myrtillus w SPN, kropka (wartoœæ
œrednia), prostok¹t (odchylenie standardowe), w¹sy (minimum – maksimum)
Figure 2. The heavy metal content in the leaves, stalks and roots of Vaccinium myrtillus in SPN, point (mean), rectangle (standard
deviation), whiskers (minimum – maximum)



korzeniach (ryc. 2). Najwiêksz¹ iloœæ Zn stwierdzono w
pêdach borówek rosn¹cych na stanowiskach zlokalizo-
wanych w centralnej czêœci parku, s¹siaduj¹cych z par-
kingami samochodowymi. Najwiêksze wartoœci wspó³-
czynników zmiennoœci dotyczy³y koncentracji cynku w
korzeniach (51,3%), a najmniejsze w ³odygach (29,3 %).
Roœliny pobieraj¹ Zn w iloœciach proporcjonalnych do
jego stê¿enia w glebie. Liczne badania pokazuj¹, i¿ za-
wartoœæ cynku w liœciach V. myrtillus na terenach nieza-
nieczyszczonych wynosi najczêœciej oko³o 16,8 mg.kg-1

(Mróz, Demczuk 2010), 20,0 mg.kg-1 (Kozanecka et al.
2002). Na terenach zanieczyszczonych zawartoœæ Zn w
pêdach borówki czarnej jest zwykle wiêksza i mo¿e
wynosiæ 24,4 mg.kg-1 (Paj¹k, Jasik 2012), a nawet 107,8
mg.kg-1 (Gworek, Degórski 2000). Do pokrycia potrzeb
fizjologicznych wiêkszoœci roœlin wystarcza stê¿enie w
liœciach w zakresie 15–30 mg.kg-1. Badania przepro-
wadzone na terenie SPN wskazuj¹, i¿ cynk kumuluje siê
w wiêkszych iloœciach w ³odygach ni¿ w liœciach, co
potwierdzaj¹ równie¿ wyniki uzyskane przez Kozanec-
k¹ i in. (2002). Krzewinki borówki czarnej, ze wzglêdu
na podobieñstwo do drzew liœciastych, zrzucaj¹cych
liœcie w okresie jesiennym, gromadz¹ wiêcej sk³adników
od¿ywczych w ³odygach i korzeniach ni¿ w liœciach
(Moszyñska 1983; Gugnacka-Fiedor 1994). Niewielka
koncentracja Zn w pêdach borówki jest odzwierciedle-
niem niewielkiej zawartoœci tego pierwiastka w glebach
bielicowych SPN wytworzonych z ubogich piasków
wydmowych (Tobolski et al. 1997) oraz stosunkowo
czystego powietrza (Bro¿ek, Zarembski 2011).

Zawartoœæ ¿elaza w V. myrtillus równie¿ wykazy-
wa³a zró¿nicowanie w zale¿noœci od lokalizacji stano-
wiska badawczego oraz fragmentu pêdu. W liœciach
koncentracja Fe utrzymywa³a siê na poziomie od 57,0
do 182,0 mg.kg-1, w ³odygach od 47,0 do 344,0 mg.kg-1,
a w korzeniach od 50,0 do 1019,0 mg.kg-1 (ryc. 2).
Najwiêksz¹ zawartoœæ Fe wykazano na stanowiskach w
s¹siedztwie parkingów samochodowych. Wspó³czyn-
niki zmiennoœci koncentracji Fe wynosi³y od 22,4%
w liœciach do 120,2% w korzeniach. Najwiêksze iloœci
Fe wystêpowa³y w pêdach podziemnych. Podobne iloœci
¿elaza stwierdzili w pêdach borówki czarnej: Mróz i
Demczuk (2010) – 120–217 mg.kg-1, a tak¿e Gworek i
Degórski (2000) – 95,0–104,0 mg.kg-1. W niektórych
próbkach borówki czarnej ze SNP wykazano podwy¿-
szon¹ zawartoœæ ¿elaza, co mo¿e wskazywaæ na zwiêk-
szone w³aœciwoœci kumulacyjne tego gatunku w sto-
sunku do Fe. Silnie kwaœne œrodowisko glebowe SPN
(tab. 1) sprzyja biodostêpnoœci wystêpuj¹cych tam me-
tali ciê¿kich. Wed³ug Byliñskiej (1992) V. myrtillus cha-
rakteryzuje siê wybitnymi zdolnoœciami do akumulacji
¿elaza. Na terenach wolnych od zanieczyszczeñ Fe
utrzymuje siê zwykle na poziomie 74 mg.kg-1 w liœciach
oraz 62 mg.kg-1 w ³odygach (Kozanecka et al. 2002).

Zawartoœæ miedzi w pêdach borówki czarnej wyno-
si³a od 0,5 do 3,0 mg.kg-1 w liœciach, 0,6–2,8 mg.kg-1

w ³odygach oraz 0,6–1,9 mg.kg-1 w korzeniach, wyka-
zuj¹c znaczne zró¿nicowanie pomiêdzy stanowiskami.
Wspó³czynniki zmiennoœci koncentracji Cu w V. myr-
tillus wynosi³y œrednio od 32,0% w korzeniach do 49,5%
w liœciach, (ryc. 2). MiedŸ w roœlinach jest pierwiast-
kiem ma³o ruchliwym, na pokrycie potrzeb fizjologicz-
nych w wiêkszoœci roœlin wystarcza oko³o 2 mg.kg-1.
Zawartoœæ miedzi w roœlinach utrzymuje siê zazwyczaj
poni¿ej 4–5 mg.kg-1 i ulega du¿emu zró¿nicowaniu
w zale¿noœci od czêœci roœliny, stadium rozwojowego,
odmiany i gatunku. Przeciêtna jej zawartoœæ w nad-
ziemnych czêœciach roœlin wynosi 5–20 mg.kg-1

(Kabata-Pendias, Pendias 1999). Analizy chemiczne
pêdów V. myrtillus prowadzone przez Gworka i Degór-
skiego (2000) w ró¿nych miejscach Polski wskazuj¹,
i¿ w zale¿noœci od zanieczyszczeñ koncentracja miedzi
mo¿e wynosiæ od 0,5 do 8,1 mg.kg-1. Wczeœniejsze ba-
dania chemiczne pêdów nadziemnych V. myrtillus pro-
wadzone w borach œwie¿ych i wilgotnych SPN
wskazuj¹, ¿e koncentracja Cu utrzymywa³a siê na po-
ziomie 3,1 mg.kg-1 (Parzych et al. 2012). Zawartoœæ Cu
w borówce czarnej SPN jest ma³a i nie stanowi zagro-
¿enia, a wrêcz przeciwnie wystarcza jedynie na pokrycie
jej potrzeb fizjologicznych.

Nieco inn¹ sytuacjê stwierdzono w przypadku man-
ganu. Zawartoœæ Mn utrzymywa³a siê na poziomie od
529,2 do 1736,0 mg.kg-1 w liœciach, od 658,0 do 2182,0
mg.kg-1 w ³odygach oraz od 105,9 do 746,3 mg.kg-1

w korzeniach (ryc. 2). Koncentracja Mn wykazywa³a
podobne zró¿nicowanie od 34,9 do 35,3% niezale¿nie od
fragmentu badanych krzewinek. Wed³ug Kabata-Pen-
dias i Pendias (1999) zapotrzebowanie roœlin na mangan
jest znacznie zró¿nicowane, w wiêkszoœci przypadków
wystarcza 10–25 mg.kg-1. Stê¿enie oko³o 500 mg.kg-1

mo¿e byæ toksyczne dla wiêkszoœci roœlin. Uzyskane
wyniki wskazuj¹ na nadmiern¹ kumulacjê manganu
przez pêdy V. myrtillus. Reimann i in. (2001), a tak¿e
Byliñska (1992) zauwa¿yli, i¿ borówka czarna wyró¿nia
siê wysok¹ zawartoœci¹ Mn, niezale¿nie od jego za-
wartoœci w glebie. Boyd (2007) okreœli³ tê krzewinkê
jako akumulator manganu, gdy¿ stê¿enie w jej tkankach
mo¿e przekraczaæ nawet 2000 mg.kg-1. Wyniki badañ
przedstawione przez Gworka i Degórskiego (2000)
wskazuj¹, ¿e V. myrtillus mo¿e gromadziæ w swoich
pêdach nawet 2489,0 mg.kg-1, co potwierdza silne
w³aœciwoœci kumulacyjne tego gatunku w stosunku do
manganu.

Relacje pomiêdzy oznaczanymi metalami ciê¿kimi
zarówno w pêdach nadziemnych, jak i podziemnych
Vaccinium myrtillus uk³ada³y siê w nastêpuj¹cy szereg
malej¹cy: Mn > Fe > Zn > Cu.
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Przeprowadzone analizy wykaza³y istotne statysty-
cznie wspó³czynniki korelacji Spearmanna zawartoœci
cynku w relacji ‘gleba – ³odyga’ (r=-0,44, p<0,05, n=45)

oraz ‘gleba – korzeñ’ borówki czarnej (r=-0,52, p<0,05,
n=45). Obni¿eniu zawartoœci cynku w glebie towarzy-
szy³ jednoczeœnie wzrost zawartoœci Zn w ³odygach i
korzeniach V. myrtillus, co potwierdza pobieranie tego
pierwiastka w znacznych iloœciach z roztworów glebo-
wych (tab. 3). Pozosta³e metale ciê¿kie (Fe, Cu, Mn) nie
wykazywa³y istotnych statystycznie zale¿noœci po-
miêdzy koncentracj¹ w glebie i pêdach borówki czarnej,
co mo¿e wskazywaæ na pobieranie tych pierwiastków
przez liœcie z opadajacych py³ów oraz opadów atmo-
sferycznych (£aszewska et al. 2007).

Niewielka zawartoœæ Zn, Fe i Cu w pêdach nad-
ziemnych i podziemnych V. myrtillus oraz w wierz-
chnich poziomach genetycznych gleby przek³adaj¹ siê
na niewielkie wartoœci wspó³czynników wzbogacenia
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Tabela 3. Wspó³czynniki korelacji Spearmana (r)
zawartoœci metali ciê¿kich w pêdach V. myrtillus w relacji
‘gleba – liœcie’, ‘gleba – ³odyga’, ‘gleba – korzeñ’ (n=45,
p<0,05, rkryt.= 0,30)
Table 3. Spearman correlation coefficients (r) of heavy
metals in the shoots V. myrtillus relative ‘soil – leaves’, ‘soil
– stalk’, ‘soil – roots’ (n = 45, p<0.05, rcryt.=0.30)

r w realcji / r in relation Fe Mn Zn Cu

gleba – liœæ / soil – leaves 0,17 0,25 -0,28 0,20

gleba – ³odyga / soil – stalk 0,01 0,27 -0,44 -0,21

gleba – korzeñ / soil – roots 0, 25 -0,06 -0,52 -0,01
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Rycina 3. Wspó³czynniki wzbogacenia (EF) badanych metali w liœciach, ³odygach i korzeniach V. myrtillus, kropka
(wartoœæ œrednia), prostok¹t (odchylenie standardowe), w¹sy (minimum – maksimum)
Figure 3. Enrichment factors (EF) of investigated metals in the leaves, stalks and roots of V. myrtillus, point (mean), rectangle
(standard deviation), whiskers (minimum – maximum)



(EF). Najwiêksze wartoœci wspó³czynników wzbogace-
nia uzyskano w przypadku Mn (EF20), co potwierdza
jego silne w³aœciwoœci akumulacyjne (ryc. 3), a naj-
mniejsze w przypadku miedzi: Mn > Fe > Zn > Cu. Wy-
niki badañ uzyskane w S³owiñskim Parku Narodowym
wskazuj¹, i¿ cynk i mangan najsilniej akumuluj¹ siê w
³odygach V. myrtillus, miedŸ w liœciach, a ¿elazo w
korzeniach. Wed³ug K³osa (2009) wartoœci wspó³czyn-
ników EF10 mog¹ wskazywaæ na nap³ywow¹ formê
zanieczyszczenia, np. wraz z suchym i mokrym opadem
atmosferycznym. Jednak iloœci docieraj¹cych t¹ drog¹
metali ciê¿kich s¹ ma³e. Wyniki badania py³u zawie-
szonego PM10 prowadzone w roku 2010 na obszarze
S³owiñskiego Parku Narodowego wynosi³y 17 ìg/m3

(Bro¿ek, Zarembski 2011) i nie przekracza³y wartoœci
dopuszczalnych. Teren S³owiñskiego Parku Narodowe-
go jest uznawany przez wielu badaczy za jeden z naj-
czystszych w Polsce. Wskazuj¹ na to miêdzy innymi
badania chemiczne leœnej roœlinnoœci wskaŸnikowej
(Grodziñska et al. 1990, 1999; Bykowszczenko et al.
2006; Parzych et al. 2012; Parzych, Sobisz 2012).

W celu porównania koncentracji badanych metali
ciê¿kich w pêdach nadziemnych i podziemnych borówki
czarnej zastosowano nieparametryczny test U Manna-
Whitneya (tab. 4). Przeprowadzone analizy wykaza³y
istotne statystycznie ró¿nice w zawartoœci cynku w re-
lacji ‘liœcie – ³odyga’ i ‘³odyga – korzeñ’ oraz manganu
w relacji ‘³odyga – korzeñ’ i ‘liœæ – korzeñ’. W przypad-
ku koncentracji Fe i Cu w pêdach nadziemnych i
podziemnych V. myrtillus nie wykazano istotnych sta-
tystycznie ró¿nic.

4. Podsumowanie

W pêdach nadziemnych i podziemnych Vaccinium
myrtillus z Mierzei £ebskiej SPN stwierdzono zró¿ni-
cowane zawartoœci Zn, Fe, Mn i Cu w zale¿noœci od

lokalizacji stanowiska, jak równie¿ od fragmentu pêdu.
Najwiêksze iloœci badanych metali wykazano na stano-
wiskach s¹siaduj¹cych z parkingami samochodowymi,
co wskazuje na udzia³ ruchu ko³owego w punktowym
zanieczyszczeniu parku. Badane metale w ró¿nym sto-
pniu kumulowa³y siê w pêdach V. myrtillus. Najwiêksze
iloœci miedzi zaobserwowano w liœciach, ¿elaza – w
korzeniach, a cynku i manganu – w ³odygach. Relacje
pomiêdzy oznaczanymi metalami ciê¿kimi zarówno w
pêdach nadziemnych, jak i podziemnych Vaccinium
myrtillus uk³ada³y siê w nastêpuj¹cy szereg malej¹cy:
Mn > Fe > Zn > Cu.

Niewielkie zawartoœci Zn, Fe i Cu w pêdach borówki
czarnej oraz w wierzchnich poziomach genetycznych
gleby przek³adaj¹ siê na niewielkie wartoœci wspó³czyn-
ników wzbogacenia (EF). Silnie kwaœne œrodowisko
glebowe sprzyja³o biodostêpnoœci badanych metali ciê¿-
kich dla pêdów borówki czarnej. Najwiêksze wartoœci
EF uzyskano w przypadku Mn i Fe, co wskazuje na
zwiêkszone w³aœciwoœci akumulacyjne V. myrtillus
w stosunku do tych metali, mimo niewielkiej ich za-
wartoœci w glebie.

Przeprowadzone analizy wykaza³y istotne statys-
tycznie ró¿nice w zawartoœci cynku w relacji ‘liœcie –
³odyga’ i ‘³odyga – korzeñ’ oraz manganu w relacji
‘³odyga – korzeñ’ i ‘liœæ – korzeñ’. Nie stwierdzono
istotnych statystycznie ró¿nic w koncentracji Fe i Cu
w pêdach nadziemnych i podziemnych V. myrtillus.

Podziêkowania

Badania wykonano w ramach badañ statutowych
Zak³adu Chemii Œrodowiskowej, Instytutu Biologii
i Ochrony Œrodowiska Akademii Pomorskiej w S³upsku
w 2011 r.
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Abstract. The research was carried out in the Słowiński National Park, in an area with 15 research stations in 
pine coniferous forests situated at locations (1) inaccessible to tourists, (2) most frequently visited by tourists as well 
as (3) in the vicinity of parking lots. The analysed samples comprised surface generic levels (Ol, Ofh, A), above-
ground material (shoots; leaves and stems) and below-ground material (roots) of bilberry (Vaccinium myrtillus). The 
performed analyses showed statistically significant Spearman’s correlation coefficients for Zn content in the ‘soil – 
stems:’ (r = -0.44, p < 0.05, n = 45) relationship and the ‘soil – roots’ relationship (r = -0.52, p < 0.05, n = 45). 
Accordingly, there were significant statistical differences (U Mann-Whitney test) in zinc content in the ‘stems 
– roots’ relationship and the ‘leaves – roots’ relationship. Furthermore, the obtained results reveal an excessive 
accumulation of Mn in V. myrtillus. The content of the investigated heavy metals in V. myrtillus shoots decreased in 
the following order: Mn > Fe > Zn > Cu.

Key words: bilberry, leaves, stems, roots, accumulation of Zn, Fe, Cu, Mn, protected area

1. Introduction

Heavy metals are innate components of the natural 
environment. The intrinsic content of these elements in 
the lithosphere shapes the so-called geochemical back-
ground and is spatially diversified. In the recent years, 
the emission due to anthropogenic factors has become a 
considerable source of heavy metals. These are subject 
to long-range atmospheric transport as constituents of at-
mospheric particulate matter (PM10 and PM2.5) or else 
aerosols, which results in contamination of ecosystems 
situated quite far from emission sources (Klink et al. 
2006; Tainio et al. 2010; Brożek, Zarembski 2011). As 
natural components of ecosystems, the elements such as 
zinc (Zn), iron (Fe), manganese (Mn) and copper (Cu) are 
necessary for appropriate functioning of plants as long as 
they are available in small amounts. Conversely, exces-
sively high concentrations of these metals are harmful to 

natural environment. At increased heavy metal contents, 
ecosystem functioning is disturbed, and this is threaten-
ing to plants, animals and humans (Gruca-Królikowska, 
Wacławek 2006; Malzahn  2009). Heavy metals bioaccu-
mulate in plant and animal tissues, which results in high 
risk of poisoning with these elements in subsequent links 
of the trophic chain. Plant uptake of nutrients such as iron, 
manganese, zinc and copper from soil relies upon plant 
physiological requirements; nevertheless, it can also be 
brought about by environmental contamination. The con-
tent of metals in plant tissues also depends on their avail-
ability in soil as well as on plant species, its growth stage 
and morphological features. The results of research stud-
ies confirm that plants selectively uptake elements from 
surrounding environment. The nutrients are utilised by 
plants for own tissue building processes as well as they 
take part in numerous metabolic pathways. In the world 
of plants, there exist a distinct tendency to uptake and ac-
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cumulate certain elements (Łaszewska et al. 2007). Plants 
response in different ways to increased heavy metal con-
centrations in environment. The specific sensitivity of 
some plant species to the presence of heavy metals in 
soil allows for the determination of the degree, range 
and structure of environmental changes. Amongst plant 
utilised for bioindication purposes, bilberry low-growing 
shrubs Vaccinium myrtillus L. offer practical application 
for attaining information on a degree of environment con-
tamination (Reimann et al. 2001; Uhlig, Junttila 2001; 
Salemaa et al. 2004; Białońska et al. 2007; Kukla, Kuk-
lová 2008; Mróz, Demczuk 2010; Kandziora-Ciupa et al. 
2013; Remon et al. 2013). Bilberry V. myrtillus grows 
both on contaminated areas and those free of pollution. 
It is a domineering species in the majority of pine Pinus 
silvestris and mixed forests growing under temperate cli-
mate conditions (Białońska et al. 2007). Vaccinio myr-
tilli-Pinetum habitat constitutes the ecological optimum 
for bilberry plants, which means that the species shows 
the highest frequency, density, biomass and productivity 
under these habitat conditions  (Moszyńska 1983; Gug-
nacka-Fiedor 1994; Gerdol 2004; Zvereva, Kozlov 2005; 
Parzych, Sobisz 2010). Every year, in nearly all forest 
communities, V. myrtillus puts back into the litter high 
amounts of potassium, calcium, magnesium as well as 
manganese and iron contained in fallen leaves and adds to 
important elements for proper functioning of forest eco-
systems. Studies on bioindication include bilberry leaves, 
stems and roots (Mróz, Demczuk 2010; Kozanecka et al. 
2002) as well as fruits ((Demczuk, Garbiec 2009; Pająk, 

Jasik 2012). Bylińska (1992), Reimann et al. (2001) and 
Boyd (2007) ranked V. myrtillus as plant species with su-
perior abilities to accumulate manganese.

The aim of the present study was to: examine Zn, 
Fe, Mn and Cu contents in the leaves, stems and roots 
of bilberry V. myrtillus L. growing within the protected 
area,  evaluate metal accumulation capacity across plant 
parts, assess the effect of heavy metal contents in soil on 
their concentration in bilberry shoots and appraise con-
tamination extent in the Słowiński National Park. 

2. Materials and research methods

2.1. Research area

The study comprised forest areas within the Słowiński 
National Park (SNP) located within the Łebska Spit (pro-
tective zones: Rowy, Łeba, Smołdziński Las). The study 
area was situated at 17°03′–17°33′ east longitude an 
54°37′–54°46′ north latitude (Fig. 1). In the park, there 
prevail pine forests (71.5%), mixed pine forests (21.4%), 
mixed forests (1.6%) and unclassified forest (5.5%). The 
groundcover includes mainly bilberry low-growing shrubs, 
mosses and lichens. The samples of bilberry aboveground 
parts (leaves and stems) and roots as well as soil samples 
from organic and humus horizons (Ol, Ofh and A) were 
collected in September 2011 from 15 research sites placed 
within SNP area. The sites were positioned either in plac-
es with no access for tourists or within most often visited 
areas or else in the vicinity of parking lots. 

Figure 1. Situation 
plan of the Słowiński 
National Park – 
locations of the study 
sites and parking
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In the samples of organic and humus soil horizons, there 
were assessed soil active acidity (pH in H2O), exchangea-
ble soil acidity (1 M·dm-3 KCl solution) as well as organic 
matter content (loss on ignition method using a muffle fur-
nace at 550°C). Plant material was cleaned of soil mineral 
particles, rinsed in distilled water, divided into above- and 
underground parts, dried out at 65°C and then homoge-
nised in a blender. The samples of soil and V. myrtilus were 
wet mineralised in a mixture of HNO3 and 30% H2O2 using 
the closed system. In the obtained solution, the contents of 
Zn, Fe, Mn and Cu by means of atomic absorption spec-
troscopy (AAS) with the use of Perkin Elmer Analyst 300 
apparatus (Ostrowska et al. 1991) and Merck KGaA stand-
ard solutions (1 g/1000 ml) were analysed. 

2.2. Analyses of the results

Comparisons of the concentrations of the heavy met-
als examined in the above- and underground parts of V. 
myrtillus were based on computed mean as well as max-
imum and minimum values, standard deviations, coef-
ficients of variation (CV) and enrichment factors (EF). 
The normality of distribution of the concentration of Zn, 
Fe, Mn and Cu in V. myrtilus shoots was evaluated using 
the Shapiro-Wilk test. The non-parametric Mann–Whit-
ney U-test was used to compare heavy metal concen-
trations in the parts of plants examined. All statistical 
analyses were performed using Statistica 7.1. software. 

3. Results and Discussion

The samples of organic and humus soil horizons in 
the Łebska Spit indicated strongly acidic reaction (Table 
1). The organic fermentative humic subhorizon (Ofh) 
showed the highest active (pH H2O) and exchangeable 
acidity (pH KCl) with pH values from 3.1 to 4.1 and from 
2.5 to 3.1, respectively. For all 15 research sites, coeffi-

cients of variation (CV) of pH (H2O) and pH (KCl) were 
from 5% to 8%. Slightly lower acidity, i.e. pH (H2O) 
ranging from 3.9 to 5.0, was observed in the humus hori-
zon (A). The largest content of organic matter was found 
in the litter sub-horizon (Ol), i.e. 91.6–98.5% and then 
in Ofh (39.0–97.2%), whereas the lowest organic matter 
content was found in the soil horizon A (0.6–5.9%). With 
an increasing depth of soil horizon position, organic mat-
ter content decreased and varied from 2% to 59%.

The content of the examined heavy metals in upper 
soil horizons in SNP was differentiated. The largest am-
mounts of Zn, Fe and Mn were found in the subhorizon Ol, 
then in Ofh, whereas in A horizon heavy metal contents 
were the lowest. In case of copper, the highest contents 
were observed in the subhorizon Ofh. Average concen-
tration of zinc in the soil horizons was: 68.9 mg.kg-1 (Ol), 
47.0 mg.kg-1 (Ofh) and 2.9 mg.kg-1 (A), and varied within 
15 research sites from 28% to 33% (Table 2). The con-
tent of iron showed variation from 35% to 134% within 
15 research sites, and on average it was 469.0 mg.kg-1 in 
Ol, 1609.0 mg.kg-1 in Ofh and 346.0 mg.kg-1 in the hori-
zon A. Average content of manganese was 206.2 mg.kg-1 
in Ol, 40.0 mg.kg-1 in Ofh and 4.2 mg.kg-1 in A horizon, 
whereas variation coefficient for this element took values 
from 52% to 58%. In the soils tested, there were observed 
considerably lower contents of copper, i.e. 0.8 mg.kg-1 in 
the subhorizon Ol, 0.9 mg.kg-1 in Ofh and 0.09 mg.kg-1 in 
the horizon A. At the same time, Cu concentration in the 
soil horizons investigated indicated lesser variation as a 
result of exceptionally low mobility of this element (Ka-
bata-Pendias, Pendias 1999).

The concentration of Zn in the above- and underground 
V. myrtillus shoots showed considerable variation depend-
ing on the research site and the plant section analysed. The 
content of zinc was from 14.9 to 69.4 mg.kg-1 in bilberry 
leaves, from 38.0 to 108.0 mg.kg-1 in the stems and from 
9.7 to 51.4 mg.kg1 in the roots (Fig. 2). The highest Zn 

Table 1. pH and organic matter in organic and humus horizons in SNP

Statistical 
measures

pH (H2O) pH (KCl) Organic matter [%]
Ol Ofh A Ol Ofh A Ol Ofh A

Average 4.4±0.2 3.8±0.2 4.4±0.3 3.5±0.2 2.8±0.2 3.3±0.2 96.6±0.02 76.9±0.2 3.1±0.01
Minimum 4.1 3.1 3.9 3.0 2.5 2.9 91.6 39.0 0.6
Maximum 4.7 4.1 5.0 3.8 3.1 3.6 98.5 97.2 5.9
Median 4.4 3.9 4.4 3.6 2.8 3.4 97.5 73.8 2.6
CV [%] 5 7 7 8 6 8 2 23 59

CV – coefficient of variation
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Table 2. Heavy metals content (mg.kg-1) in organic and humus horizons in SNP

Statistical 
measures

Zn Fe Mn Cu
Ol Ofh A Ol Ofh A Ol Ofh A Ol Ofh A

Average 68.9±19.0 47.0±15.4 2.9±1.1 469±505 1609±2161 346±120 206.2±113 40.0±23 4.2±2.1 0.80±0.14 0.90±0.29 0.09±0.03
Minimum 37.1 24.2 1.3 118 478 124 48.7 12.2 1.2 0.50 0.60 0.06
Maximum 101.0 82.0 5.7 2071 8517 568 415.0 86.2 8.3 1.10 1.70 0.19
Median 65.5 42.7 2.7 279 907 381.1 198.9 37.4 3.7 0.8 0.9 0.08
CV [%] 28 33 38 108 134 35 55 58 52 18 31 35

Figure 2. The heavy metal content in the leaves, stems and roots of Vaccinium myrtillus in SPN, point (mean), rectangle (standard 
deviation), whiskers (minimum – maximum)

amounts were observed in the shoots of bilberry growing 
within the research sites located in the central areas of the 
Park – those in parking lot vicinity. The concentration of 
zinc showed the highest values of CV for bilberry roots 

(51.3%), and the lowest for the stems (29.3 %). Plants up-
take Zn in the amounts proportional to its concentration 
in soil. Several studies showed that the content of zinc in 
V. myrtillus growing on non-contaminated areas regularly 
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amounted to approximately 16.8 mg.kg-1 (Mróz, Demczuk 
2010) or else 20.0 mg.kg-1 (Kozanecka et al. 2002). The 
content of zinc in the shoots of bilberry growing on contam-
inated areas is usually higher and amounts to 24.4 mg.kg-

1 (Pająk, Jasik 2012) or even to 107.8 mg.kg-1 (Gworek, 
Degórski 2000). Leaf Zn concentration ranging from 15 to 
30 mg.kg-1 usually assures the fulfilment of physiological 
requirements of the majority of plants. The present study 
carried out within the territory of the Słowiński National 
Park shows that Zn is accumulated in higher amounts in 
bilberry stems when compared with the leaves, which is in 
line with the results obtained by Kozanecka et al. (2002). 
Similar to deciduous trees loosing leaves in the fall, bil-
berry low-growing shrubs accumulate larger amounts of 
nutrients in their stems and roots when compared with the 
leaves (Moszyńska 1983; Gugnacka-Fiedor 1994). Low 
Zn concentration in bilberry shoots reflects low amounts of 
this element in podzolic soils of the Park, which is derived 
from poor dune sands (Tobolski et al. 1997) as well as the 
fact that the plants grow under conditions of relatively 
clean atmosphere (Brożek, Zarembski 2011)

The concentration of iron in V. myrtillus also showed 
variation depending on the research site and plant part. Leaf 
Fe concentration was from 57.0 to 182.0 mg.kg1, whereas 
in the stems it was from 47.0 to 344.0 mg kg-1, and in the 
roots from 50.0 to 1019.0 mg kg-1 (Fig. 2). The highest Fe 
content was observed at the research sites situated in vicini-
ty of parking lots. Coefficients of variation of Fe concentra-
tion were from 22.4% for bilberry leaves to 120.2% for the 
roots. The highest Fe concentrations were observed in the 
underground shoots. Similar Fe content in bilberry shoots 
was found by Mróz and Demczuk (2010) – 120.0–217.0 
mg kg-1, and Gworek and Degórski (2000) – 95.0–104.0 
mg kg-1. In some bilberry samples collected in SNP, there 
was observed an increased content of Fe, which can indi-
cate advanced ability to accumulate iron in this plant spe-
cies. Strongly acidic soil environment in the Park (Table 1) 
enhances the availability of heavy metals to plants. Accord-
ing to Bylińska (1992), V. myrtillus has superior capability 
to accumulate iron. Within the areas free of contamination, 
Fe content is usually 74 mg kg-1 in bilberry leaves and 62 
mg kg-1 in the stems (Kozanecka et al. 2002).

The content of copper in bilberry shoots indicated con-
siderable differentiation among the research sites and was 
from 0.5 to 3.0 mg kg-1 in the leaves, from 0.6 to 2.8 mg.kg-

1 in the stems and from 0.6 to 1.9 mg.kg-1 in the roots. Co-
efficients of variation of Cu concentration in V. myrtillus 
were on average from 32.0% in the roots to 49.5% in the 
leaves (Fig. 2). Plant copper shows low mobility and the 
amount of approximately 2 mg.kg-1 is sufficient to cover 

physiological needs of the majority of plants. The con-
tent of copper in plants is usually below 4–5 mg.kg-1 and 
considerably varies depending on plant part, developmen-
tal stage as well as plant species and variety. Average Cu 
content in the aboveground parts of plants is 5–20 mg.kg-1 
(Kabata-Pendias, Pendias 1999). The results of chemical 
analyses of V. myrtillus shoots carried out by Gworek and 
Degórski (2000) in several locations in Poland indicate that 
depending on contamination degree, the concentration of 
Cu can be from 0.5 to 8.1 mg.kg-1. Earlier chemical studies 
on V. myrtillus aboveground shoots carried out in the fresh 
pine forests within the Słowinski National Park showed 
Cu concentration 3.1 mg.kg-1 (Parzych et al. 2012). The 
content of Cu in bilberry plants from the Park is low and 
not threatening – in contrast, it is sufficient for covering V. 
myrtilus physiological needs. 

Fairly different status was observed for manganese con-
tents. These were from 529.2 to 1736.0 mg.kg-1 in bilberry 
leaves, from 658.0 to 2182.0 mg.kg-1 in the stems and from 
105.9 to 746.3 mg.kg-1 in the roots (Fig. 2). The concen-
tration of Mn indicated related variation – from 34.9 to 
35.3%, regardless of the part of plant analysed. According 
to Kabata-Pendias and Pendias (1999), plant requirements 
for manganese are much differentiated, but in most cases 
the amount of 10–25 mg.kg-1 is sufficient. The concentra-
tion of about 500 mg.kg-1 can be toxic for the majority of 
plants. The results obtained in this study indicate excessive 
accumulation of manganese in V. myrtillus shoots. Rei-
mann et al. (2001) as well as Bylińska (1992) noted that 
bilberry plants were distinctive of high contents of Mn, 
apart from those observed in soil. Boyd (2007) described 
this low-growing shrub as manganese accumulator in view 
of the fact that the concentration of manganese in bilberry 
tissues can be even above 2000 mg.kg-1. The results of re-
search reported by Gworek and Degórski (2000) indicated 
that V. myrtillus could accumulate in its tissues even 2489.0 
mg.kg-1, which proves the large capability of this species to 
accumulate manganese. 	

The relationships among heavy metals determined 
both in the aboveground and underground parts of V. 
myrtillus showed the following decreasing order: Mn > 
Fe > Zn > Cu.

The analyses carried out revealed statistically signif-
icant Spearman’s correlation coefficients for bilberry 
zinc content in the relationship soil – stems (r = -0.44, 
p < 0.05, n = 45) as well as soil – roots (r = -0.52, p < 
0.05, n = 45). The decrease of zinc content in soil was 
accompanied by the increase of Zn content in V. myrtil-
lus stems and roots, which is confirmed by the uptake 
of high amounts of this element from the soil solution 
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(Table 3). Other heavy metals tested (Fe, Cu, Mn) did not 
show statistically significant relationships between their 
concentrations in soil and those in billberry shoots, which 
can indicate leaf uptake of these elements from either pre-
cipitation or atmospheric particulate matter settling to the 
ground (Łaszewska et al. 2007).

Low contents of Zn, Fe and Cu in the above- and 
underground V. myrtillus shoots as well as in surface 
soil layers are well reflected by the low values of en-
richment factors (EF). The highest EF values were ob-
tained for Mn (EF > 20), which confirms its tendency 
to elevated accumulation in plants (Fig. 3), and the 
lowest for copper (Mn > Fe > Zn > Cu). The results 
obtained in the National Słowiński Park indicate that 
zinc and manganese are accumulated to the largest ex-
tent  in V. myrtillus stems, whereas copper in the leaves 
and iron in the roots. According to Kłos (2009), EF 
values >10 can indicate the influx of exterior pollution, 
for example, with dry and wet precipitation. However, 
heavy metal influx is in general relatively small. The 
results of the study on particulate matter carried out in 
2010 within the area of the Słowiński National Park 

Table 3. Spearman correlation coefficients (r) of heavy metals 
in the shoots V. myrtillus relative to ‘soil – leaves’, ‘soil – 
stems’, ‘soil – roots’ (n = 45, p < 0.05, rcryt. = 0.30)

r in relation Fe Mn Zn Cu
soil – leaves 0.17 0.25 -0.28 0.20
soil – stems 0.01 0.27 -0.44 -0.21
soil – roots 0. 25 -0.06 -0.52 -0.01

Figure 3. Enrichment factors (EF) investigated metals in the leaves, stems and roots of V. myrtillus, point (mean), rectangle 
(standard deviation), whiskers (minimum – maximum)
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showed PM10 content 17 μg/m3 (Brożek, Zarembski 
2011), and this did not exceed the threshold value. SNP 
area has been considered by many researchers as one 
of the cleanest in Poland. Among others, this is con-
firmed by chemical studies on forest bioindicative flora 
(Grodzińska et al. 1990, 1999; Bykowszczenko et al. 
2006; Parzych et al. 2012; Parzych, Sobisz 2012).

Comparative analyses of heavy metal concentrations 
in the above- and underground shoots of bilberry V. myr-
tillus were performed using the Mann–Whitney U-test 
(Table 4). The results obtained showed statistically signif-
icant differences in zinc content in the relationship stems 
– root and leaves – stems as well as manganese content
in the relationship stems – roots and leaves – roots No 
significant differences were found for Fe and Cu concen-
trations in bilberry above- and underground shoots. 

4. Conclusions

In the above- and underground shoots of bilberry V. 
myrtillus growing on the territory of the Słowinski Nation-
al Park located within the Łebska Spit, there were found 
varied contents of Zn, Fe, Mn and Cu depending on re-
search site localisation and the part of plant. The highest 
amounts of the heavy metals tested were found in the sites 
in vicinity of parking lots, which tells on the role of road 
traffic in point contamination of the Park. The metals in-
vestigated were accumulated in V. myrtillus shoots to dif-
ferent extents. The highest amounts of copper were found 
in bilberry leaves, those of iron – in the roots, and those 
of zinc and manganese were observed in the stems. The 
relationships among heavy metals determined both in the 
aboveground and underground parts of V. myrtillus showed 
the following decreasing order: Mn > Fe > Zn > Cu. 

Small contents of Zn, Fe and Cu in bilberry shoots as 
well as in the surface horizons of soil translate into the 
low enrichment factor (EF) values obtained in this study. 
Strongly acidic soil environment enhanced the bioavail-

ability of the heavy metals tested to bilberry shoots. The 
highest EF values were obtained for Mn and Fe, which is 
a sign of greater accumulation ability of V. myrtillus as for 
these elements, despite their low contents in soil. 

The analyses carried out showed statistically signifi-
cant differences in Zn content in the relationships leaves 
– stems and stems – roots as well as in Mn content in the
relationship stems – roots and leaves – roots. No significant 
differences were found for Fe and Cu concentration in the 
above- and underground shoots of bilberry V. Myrtillus.
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